together with the behavior of U(VI), thorium, protactinium, zirconium, hafnium and niobium for comparison. The behavior found for Np (1P) , (V) and (VI) was assigned to that for quadrivalent, univalent and bivalent cationic species respectively, and in this respect resembled that for thorium, niobium and uranium. Therefore, it was deduced that the ionic species Np4+, NpO2+ and NpO22+ should exist for neptunium in dilute acid solutions. The similarity between Np(IV) and thorium; Np(VI) and U (VI) had been confirmed. Np(V) , however, was found to behave differently from protactinium.
The characteristic behavior of inorganic extraction with dodecylbenzenesulfonic acid has been presented in this series of papers (1) (2) and it has been shown to be suitable for identification of the valency or ionic charge of cation in solution. This characteristic for DBSA** extraction was widely ascertained in an extention(2) of the initial study(1) of the partition behavior of typical uni-, bi-, and tri valent cations, and is applied in the present study to get some information on the chemistry of neptunium in aqueous solution.
EXPERIMENTAL 1. Sources of materials
The preparation of dodecylbenzenesulfonic acid solution in a 1:1 mixture of ethyl acetate and diethyl ether has been reported in a previous publication Hydrochloric, nitric and perchloric acid solutions of various concentrations were prepared by diluting commercial concentrated acids of analytical grade. The acidity was adjusted to the desired concentration by the use of volumetric analysis.
Oxidizing and reducing agents used viz., potassium chlorate, silver peroxide, potassium bromate, hydroxylamine hydrochloride, potas sium iodide and hydroquinone, were all C. Np(IV) and (VI) in order to obtain the Kd values exactly. In most cases both acid and solvent dependences of the Kd values were determined. The Kd values in the system of 0.1N acid and the organic solvent containing on DBSA were also determined in order to know whether a cation was extracted by the pure solvent or not. The Kd values for Np (IV), (V) and (VI) were determined in the systems 3% DBSA -hydrochloric, nitric and perchloric acid vary ing the acidity from 0.01 to 2.ON; data for Np (IV) were obtained in hydrochloric and nitric acid solutions only because of a difficulty of preparing perchloric acid solution of Np (IV) tracer. The results obtained are given in Fig. 1 together with the acid dependence curves for thorium, zirconium, hafnium, prot actinium, niobium, cobalt(II) and uranium for comparison, where some of them were quoted from preceding reports(l) (2) .
The acid dependence behavior of Np (IV) was attributed to that of quadrivalent cationic species, because the slope of the acid dependence curves for Np(IV) was -4 in the acidity range from 0.1 to 1.0N, and the magnitude of Kd values were thought to be that of quadrivalent cations. Thorium gave a similar behavior.
The similarity between Np(IV) and thorium had been shown in other extraction systems such as di-(2-ethyl hexyl) phosphoric acid (5) . From these results it can be said that Np(IV) exists as Np4+ in dilute acid media similar to thorium; both being members of the actinide elements.
On the other hand, Zr(N) and Hf(IV) showed the behavior of bivalent cationic species, and therefore, they may exist as ZrO2+ and HfO2+ in solution.
The existence of Np4+ ion in perchloric acid solution had already been reported by Sullivan and Hindman(8) from the results of thenoyltrifluoroacetone extraction under special conditions, e. g. the electrolytic preparation of Np(IV), and keeping Np(IV) solution under an atmosphere of nitrogen to prevent aerial oxidation to the quinquevalent state. In this study, however, the existence of Np4+ in hydrochloric and nitric acids were ascertained by a very simple solvent extracting method using DBSA.
In the case of Np(IV) the characteristics of quadrivalent cationic species were more clearly shown in hydrochloric acid than in nitric acid system.
In hydrochloric or perchloric acid system the acid dependence behavior for Np(V) was clearly assigned to that of univalent species, so that was the behavior of niobium. In other words, their acid dependence curves showed a slope of -1 in the acidity range from 0.1 to 1.0N, and the Kd values at 0.01N were rather low and were around 0 .01. In nitric acid system, the behavior of Np(V) was possibly thought to be that of univalent species in spite of its little higher Kd values than that of usual univalent species . From these results Np(V) was supposed to exist as the ionic species NpO2+ in dilute acid solu tion. As mentioned above a similarity was found between the acid dependence behavior of Np(V) and niobium, whereas a dissimilarity was shown between the behavior of Np(V) and protactinium, where the latter behaved as bivalent cationic species rather than univalent. The dissimilarity had been also obtained in the other solvent extraction systems such as thenoyltrifluoroacetone or di -(2-ethyl hexyl) phosphoric acid (5) . Concerning the ionic species of protactinium, protactinyl ion PaO2+, had been reported by some other investigators (9) (10) as cited in the previous paper (2) . At this stage, it appears rather difficult to explain the similarity between the behavior of protactinium and that of bivalent species.
In hydrochloric, nitric and perchloric acid system, Np(VI) and U(VI) showed the acid dependence behavior of bivalent cationic species; the slope of the curves were -2 in the acidity range of 0.1 to 1.0N.
In aqueous solution U(VI) is known to exist as bivalent species , viz. uranyl ion UO22+, as also noticed in the previous paper (1) . Therefore, their ionic species in solution are supposed to be NpO22+ and UO22+ respectively. The acid dependence curves for cobalt(II) and barium , which are quoted from the previous papers(1) (12), are also given in Fig. 1 for comparison. Difference of aqueous phase studied did not cause so large difference in the extraction curve obtained . However, the clearness of the shape of the Np(VI) curves in nitric and perchloric acid systems rather than in hydrochloric acid seems to show the higher stability of the most oxidized form of neptunium , Np(VI), in the former two acids rather than in hydrochloric acid.
2. Solvent dependence behavior Similar to the method followed in case of acid dependence behavior, Kd values for the same elements were determined in DBSA-0.1N hydrochloric , nitric and perchloric acid system changing the DBSA concentration from 3.0 to 0 .3%. The results obtained are shown in Fig. 2 . Most of elements studied gave the solvent dependence curve having slope of 2 in log-log scale. Some exceptional behavior were found in the behavior in perchloric acid system. A solvent dependence curve for Np (IV) in nitric acid could not be obtained because of fluctuating Kd values. This fact proves that DBSA plays an impor tant role in extraction of these cations. To sum up, the ionic charges of Np(IV), (V) and (VI) were shown to be +4, +1 and +2, and the chemical species in dilute acid solutions are supposed to be Np4+, NpO2+ and NpO22+ respectively.
A dissimilarity was recognized between Np(V) and Pa (V).
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